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Abstract

Several studies revealed that low calcium intake is related to high prevalence of cardiovascular diseases such as hypertension. The prevalence
of hypertension is high in Koreans along with their low dietary calcium consumption. Thus, the aim of this study was to evaluate the status of
calcium intake between the hypertension and normotension groups and to investigate the correlation between dietary calcium intake and blood pressure,
blood lipid parameters, and blood/urine oxidative stress indices. A total of 166 adult subjects participated in this study and were assigned to one
of two study groups: a hypertension group (n=83) who had 140 mmHg or higher in systolic blood pressure (SBP) or 90 mmHg or higher in
diastolic blood pressure (DBP), and an age- and sex-matched normotension group (n=_83, 120 mmHg or less SBP and 80 mmHg or less DBP).
The hypertension group consumed 360.5 mg calcium per day, which was lower than that of the normotension group (429.9 mg) but not showing
significant difference. In the hypertension group, DBP had a significant negative correlation with plant calcium (P <0.01) after adjusting for age,
gender, body mass index (BMI), and energy intake. In the normotension group, total calcium and animal calcium intake were significantly and
positively correlated with serum triglycerides. No significant relationship was found between calcium intake and blood/urine oxidative stress indices
in both groups. Overall, these data suggest reconsideration of food sources for calcium consumption in management of the blood pressure or blood

lipid profiles in both hypertensive and normotensive subjects.
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Introduction

The relationship between calcium intake and cardiovascular
diseases (CVD) has been explored through numerous molecular,
animal, and human studies for several decades. An epidemi-
ological study showed that residents who consumed hard water
which was rich in calcium and magnesium had a lower mortality
rate caused by circulatory diseases than those who had consumed
soft water [1]. This finding suggested that the intake of calcium
might be related to cardiovascular diseases. Also, several
systematic reviews revealed that calcium supplementation reduced
systolic blood pressure (SBP), particularly among hypertensive
subjects but not among normotensive subjects [2-6]. A reduction
of serum total cholesterol has been reported in hypercholes-
terolemic subjects given 1 g of calcium per day for 8 weeks
[7,8]. More recent studies showed that 1 g/day of calcium
supplementation for one year increased the level of HDL-
cholesterol and decreased the level of LDL-cholesterol [9,10].

In addition, some observational studies reported that low
calcium intake was associated with increased risk of CVD. The
Iowa Women Health Study found that Caucasian women aged

55-69 years with low calcium intake (< 696 mg/day) had a high
mortality rate due to cardiovascular heart disease (RR 1.58, 95%
CI 1.02-2.50) compared to those with high calcium intake (>
1,425 mg/day) [11]. Also, Wang et al. [12] found a higher rate
of hypertension (RR 1.12, 95% CI 1.05-1.20) among women aged
over 45 years consuming low calcium (<558 mg/day) compared
to those with high calcium consumption (1,679 mg/day). Other
cohort studies reported the association between low calcium
intake and increased risk of hypertension [13,14]. Meanwhile,
several studies reported that calcium intake had an association
with oxidative stress and suggested that calcium supplementation
might increase the lipid oxidation [15,16]. As the pathogenesis
of hypertension is often associated with oxidative stress, the
relationships among calcium intake, blood pressure, and oxidative
stress status should be investigated.

Traditionally, the Korean diet has been highly dependent on
plant based foods, such as cereals, pulses, roots and various
vegetables, now known for having many healthy benefits. Despite
many healthy benefits of plant oriented foods, limited consump-
tion in dairy and animal foods in Korean diet relative to western
diet has been concerned for insufficient calcium. According to
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the recent Korean National Health and Nutrition Examination
Survey (KNHANES) 2010, the mean daily calcium intake of
Korean adults aged 19 and older was 535.2 mg, which was 75.6%
of the Korean recommended level. Also, 64.5% of these adults
consumed calcium under estimated average requirement (EAR)
[17]. This national data indicate that the average calcium intake
of Korean adults is within the range of high CVD related
mortality risk or high prevalence of hypertension as reported by
the previous researches [11,12].

Furthermore, the prevalence of hypertension in Korean adults
(=20 years) is 28.9% (30.1% for males, 27.7% for females) [17].
This is slightly lower than the prevalence of hypertension for
Americans (31.4%-32.1% for males, 32.8% for females) [18].
But considering the significant difference in the prevalence of
overweight and obesity between US adults (BMI = 25; males
72.8%, females 63.0%) and Korean adults (BMI = 25; males
36.5%, females 26.4%), the prevalence of hypertension in Korea
seems to be very high. Based on these concerns, a study to
investigate the calcium intake status among Korean adults with
or without hypertension and its relation to blood pressure and
CVD risk-related parameters is needed.

Therefore, this study was carried out for the following two
aims: first, to evaluate the calcium intake status between the
hypertension and normotension groups; and second, to investigate
the correlation between dietary calcium intake and blood
pressure, blood lipid parameters, and blood/urine oxidative stress
indices in the hypertension and normotension groups.

Subjects and Methods

Participants

Initially, Korean adults were recruited for this study. Study
participants agreed to provide their personal information regarding
the purpose and the procedures of the project. Blood pressure
was measured twice in seated posture by using a mercury
sphygmomanometer, and the two measurements were averaged
for systolic and diastolic pressures. Eighty-three subjects with
140 mmHg or higher in SBP or 90 mmHg or higher in diastolic
blood pressure (DBP) were assigned to a hypertension group
according to JNC-VII guidelines [19]. Participants with 120
mmHg or less SBP and 80 mmHg or less DBP were assigned
to a normotension group. Each group was consisted of a similar
percentage of subjects in age and gender (42 hypertensive men
vs. 41 normotensive men). This study was approved by the
College of Medicine, Chung-Ang University Institutional Review
Board (IRB), and written informed consent was obtained from
each subjects.

Anthropometric measurements

Height was measured using a standard stadiometer following

study protocols, and weight in kilograms was measured on a
calibrated Inbody (Biospace, Seoul, Korea) system. Measure-
ments were repeated at least two times for each subject and BMI
was calculated as weight in kilograms divided by height in
meters, squared.

Dietary intake survey

The dietary intake survey was conducted by a 24-hour recall
method for 3 days. Study subjects in each group were interviewed
by trained research staff to examine the types and amounts of
all foods that the subjects had consumed in the previous 3 days.
Food models and photographs were used to assist in estimating
serving sizes of foods. Dietary intake of calcium and other
nutrients were analyzed by using Can-Pro 3.0 (The Korean
Nutrition Society, Seoul, Korea).

Collection of blood and urine samples

The subjects fasted overnight after the dietary intake survey,
and then 15 ml of venous blood was collected - half volume in
an evacuated blood collection tube and the other half in an
EDTA-coated blood collection tube. In the evacuated blood
collection tube, serum was separated by centrifugation at x 400
g for 15 minutes. Blood samples collected in the EDTA-coated
blood collection tube were stored at -20C until a test was
performed. Spot urine samples were collected and aliquoted for
analysis of multiple indices and kept in a freezer at -20C.

Analysis of biochemical indices

Serum triglyceride, total cholesterol, glutamic-oxaloacetic
transaminase (GOT) and glutamic-pyruvic transaminase (GPT)
were analyzed by using a commercial kit based on enzymatic
principles, and the content of HDL-cholesterol was analyzed by
the colorimetric method after separating LDL and VLDL by
using a dextran sulfa'[e-Mg2+ sedimentation [20]. Serum LDL-
cholesterol was calculated by the Friedewald formula [21] by
utilizing triglyceride, total cholesterol, and HDL-cholesterol
values.

Glutathione (GSH) in red blood cells was analyzed by using
a modification of van Klaveren’s method [22]. After centrifuga-
tion of the blood samples at x 2,500 g and 4C, red blood cells
were hemolyzed by adding Millipore grade water. Tricholoroa-
cetic acid (TCA) was added to the hemolyzed sample, and
centrifuged at x 10,000 g for 5 minutes. Supernatants were
subjected to reaction buffer (0.248 mg/ml NADPH in 143 mM
sodium phosphate, 6.3 mM Nas;-EDTA at pH 7.5, 6 mM DTNB)
with glutathione disulfide reductase (5 U/ml) for 20 minutes at
35C and the absorbance was measured in 412 nm by spectro-
photometer (UVIKON, Kontron Inc., Milan, Italy). The amount
of GSH in red blood cells was indicated as umol/g hemoglobin
(Hb). Glutathione peroxidase (GPx) activity in the red blood cells
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was analyzed by using methods by Aydin et al. [23]. Regarding
GPx, absorbance was measured in 340 nm for 3 minutes using
a spectrophotometer (UVIKON, Kontron Inc., Milan, Italy) by
adding 8.8 mmol/l H,O, after 50 mM Tris buffer (pH 7.6), 1
mM Na,EDTA, 2 mM NADPH, 4 mM sodium azide, and 1
unit/ml glutathione reductase, which were reacted with the 20
ul hemolyzed sample at 37°C for 5 minutes. GPx activity in red
blood cells was indicated as U/g Hb.

Urinary lipid peroxidation was analyzed according to the
manual of Tagesson et al. [24]. Briefly, 50 ul urine samples were
mixed with 23 mM thiobarbituric acid reagent, 0.5 M phosphoric
acid 300 ul and then heated at 95°C for one hour and then cooled
down. After adding 100 ul methanol, samples were subjected
to HPLC (501 Waters, Messachusetts, USA) for thiobarbituric
acid reactive substance (TBARS) analysis. Urinary malondial-
dehyde (MDA) concentration in urine aliquot was indicated as
umol/g creatinine (Cr).

Statistical analysis

Statistical analyses including the mean and standard deviation
values of all results were performed using the SAS program
(version 9.1; SAS Institute Inc, Cary, NC, USA). Student's
unpaired t-test was used to analyze the differences between the
hypertension group and the normotension group and between
men and women. Pearson's partial correlation coefficient was
used to determine an association between variables and to verify
significance. All statistical tests were two-sided, and value of
P <0.05 was considered statistically significant.

Results

General characteristics

The general characteristics of the hypertension group and the
normotension group are presented in Table 1. There were no
significant differences in age, height, and weight between the
hypertension and normotension groups; however, the hyperten-
sion group had significantly higher BMI (P <0.001), SBP (P
<0.001), and DBP (P <0.001) than the normotension group.

Energy, selective nutrients, and calcium intakes

Energy and selective nutrient intake of the subjects is shown
in Table 2. The average daily energy intake was 1,493.7 kcal
for the hypertension group and 1,602.0 kcal for the normotension
group without showing a significant difference between two
groups. The hypertension group consumed 360.5 mg calcium per
day, which was lower than that of the normotension group (429.9
mg), but there was no significant difference. The percentage of
people who consumed calcium less than EAR for Koreans was
higher in the hypertension group (85.5%) compared with that

Table 1. Anthropometric measurements of the subjects

Variables HV?:L‘%”;;"” Nm{:‘fg‘;“’” P value”

Age (yrs) 59.2 +12.7 55.9+11.3 0.0819
Gender (%)

Male 50.6 494 0.024N8

Female 49.4 50.6
Height (cm) 158.4 +8.6 159.9+9.9 0.2985
Weight (kg) 64.2+9.9 61.4+10.1 0.0657
BMI (kg/m?) 256+2.9 24.0+3.1 0.0009
Systolic BP (mmHg) 152.8+12.3 109.5+8.7 <0.0001
Diastolic BP (mmHg) 86.2+10.5 66.8+6.9 <0.0001

Data are presented as mean + SD,

NS, not significant,

K Significance between hypertensive and normotensive subjects,
2 Fvalue by x*-test,

Table 2. Daily energy and nutrient intakes of the subjects

Hypertension Normotension

Variables (n=83) (n=83) P value"
Energy (kcal/day) 1493.7+498.1  1602.0+863.6  0.3241
Protein (g/day) 60.9+27.6 62.8+454 0.7351
Animal protein (g/day) 29.0+24.3 27.2+327 0.6865
Plant protein (g/day) 31.9+12.3 35.7+19.2 0.1331
Fat (g/day) 29.9+20.9 33.0+£33.0 0.4769
Animal fat (g/day) 17.7+£17.0 18.5+23.5 0.8083
Plant fat (g/day) 12.2+86 145+15.3 0.2373
Carbohydrate (g/day) 233.7+80.8 256.3+114.7 0.1446
Dietary fiber (g/day) 54+28 6.5+4.4 0.0601
Cholesterol (mg/day) 158.4 +128.2 176.5+184.6 0.4660

Data are presented as mean + SD,
K Significance between hypertensive and normotensive subjects,
2 F-value by x*-test,

Table 3. Daily calcium intake status of the subjects

Variables Hy?:l;tesr;s)ion Nor(rr\:(itgr;?ion P value"
Ca intake (mg/day) 360.5+189.2 429.9 £265.7 0.0545
Animal Ca (mg/day) 122.3+1414 165.4 £181.3 0.0898
Plant Ca (mg/day) 238.2+126.9 264.5+163.1 0.2482

Ca intake (mg/1,000 kcal/day) 240.8 +103.4 270.8+131.6 0.1043

Ca intake (% RI) 51.2+£26.3 60.6 £37.6 0.0649
Distribution of subjects (%)
<EAR of Ca 85.5 79.5 10459
EAR~UL of Ca 14.5 20.5

Data are presented as mean + SD,

NS, not significant; EAR, estimated average requirement; UL, tolerable upper intake
level,

K Significance between hypertensive and normotensive subjects,

2 F-value by x’-test,

in the normotension group (79.5%) but with no statistical
difference between the two groups. Also, the mean daily intake
of animal calcium and plant calcium, the calcium intake per 1,000
keal, and the calcium percentage for Recommended Intake (RI)
tended to be lower in the hypertension group (Table 3).
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Table 4. Daily food intakes from each food group of the subjects

Table 5. Biochemical indices in blood and urine of the subjects

Variables Hy?nerztegr;s)ion Non’(T(;tzgiion P value" Variables Hy?:l;tesrés)ion Nor(r:(;tzgjion P value"
glday glday Serum
Cereals 266.3+105.8 274.2+178.6 0.7277 GOT (Ul 26.6+12.8 2461104 0.2948
Potato and starches 30.1+£70.3 36.0 £65.0 0.5754 GPT (U/l) 242+11.7 22095 0.1906
Sugars and sweeteners 3.7+5.0 74+9.7 0.0025 Total cholesterol (mg/dl) 189.7 £40.7 183.9+34.5 0.3272
Pulses 31.0+£46.0 3941473 0.2485 HDL-cholesterol (mg/dl) 431195 429+11.6 0.8878
Nuts and seeds 3.9+13.0 25+8.8 0.4264 LDL-cholesterol (mg/dl) 115.4+34.1 110.7 £ 30.3 0.3597
Vegetables 262.5+166.3 307.6 £224.0 0.1426 Triglyceride (mg/dl) 156.1+87.1 151.4+£101.1 0.7519
Mushrooms 49+12.6 0.8+4.3 0.0058 Whole blood
Fruits 90.9+193.7 119.4 £233.9 0.3933 GSH (umol/g Hb) 24+1.0 23+0.38 0.4929
Meats 61.2+74.4 66.1+140.3 0.7796 GPx (U/g Hb) 43.4+9.0 442+76 0.5263
Eggs 8.41+16.2 10.6 +23.3 0.4715 Urinary
Fishes and shellfishes 65.1+102.1 51.3+88.0 0.3522 MDA (umol/g Cr) 1.3+09 1.3+1.0 0.9936
Seaweeds 3.2+98 42+97 0.5103 Data are presented as mean + SD,
Milks 40.9+118.4 514969 05316 NS, not significant. ‘ N
Significance between hypertensive and normotensive subjects,
Oil and fat 48+6.1 59+10.2 0.3836
Beverages 91.6+188.4 109.6 +187.2 0.5382
Seasonings 298 +16.8 30.6431.8 0.0496 Biochemical indices in blood and urine of the subjects are
Total intake 093.044393 1117246360 01452 described in Table 5. No significant difference was found in

Data are presented as mean + SD,
”Signiﬁcance between hypertensive and normotensive subjects,

Food group intake status

Food intake from different food groups is shown in Table 4.
The total daily food intake was 993.0 g for the hypertension
group and 1,117.2 g for the normotension group, not showing
a significant difference. The intakes of sugar/sweeteners and
seasonings were significantly higher in the normotension group,
while the intake of mushrooms was higher in the hypertension
group. Except for these three food groups, no significant
difference was found in consumption of the other food groups
between the hypertension and normotension groups.

Biochemical indices in blood and urine

blood and urine biochemical indices between the hypertension
and normotension groups.

Correlation between calcium intake, and blood pressure and
biochemical indices

Table 6 shows the correlation between blood pressure and
nutrient intake in both groups after adjusting for age, gender,
BMI, and energy intake. In the hypertension group, DBP had
a significant negative correlation with plant fat (P <0.05) and
plant calcium (P <0.01). In the normotension group, however,
no significant correlation was found between blood pressure and
nutrient intake.

The correlations between biochemical indices and nutrient
intake after adjusting for age, gender, BMI, and energy intake
are shown in Table 7. No significant difference was found

Table 6. Correlations between blood pressure and nutrient intakes adjusted for age, sex, BMI, and energy intake of the subjects

Hypertension (n = 83)

Normotension (n = 83)

Diastolic blood pressure

Systolic blood pressure Diastolic blood pressure

Variables
Systolic blood pressure
Protein -0.0590
Animal protein 0.1469
Plant protein 0.0215
Fat -0.0072
Animal fat -0.0205
Plant fat 0.0263
Carbohydrate -0.1136
Dietary fiber 0.0191
Cholesterol -0.0805
Ca intake -0.0975
Animal Ca -0.1511
Plant Ca 0.0602

0.1866
0.2133
-0.1281
-0.1120
0.0106
-0.2822¢
-0.0163
-0.1211
0.0238
0.0238
0.2730*
-0.3358**

0.1264
0.1166
-0.0329
-0.1881
-0.0812
-0.1633
0.0179
-0.0641
0.0141

-0.0754
0.0404
-0.1986

0.0085
0.0315
-0.0519
-0.1795
-0.1445
-0.0519
0.0397
-0.0922
0.0134
-0.0752
0.0257
-0.1748

Variables data are presented as Pearson’s correlation coefficient,
*P<0.05 ™ P<0.01,
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Table 7. Correlations between calcium intake and blood parameters adjusted for age, sex, BMI, and energy intake of the subjects

Hypertension (n =83)

Normotension (n = 83)

Variables

Ca Animal Ca Plant Ca Ca Animal Ca Plant Ca

Serum GOT -0.1412 -0.1164 -0.0520 -0.0900 0.0463 -0.2339*
GPT 0.0635 0.0538 0.0214 0.0728 0.1763 -0.1508

Total cholesterol -0.0119 -0.1044 0.1241 0.0754 0.1221 -0.0601

HDL-cholesterol -0.0796 -0.0937 0.0088 -0.1547 -0.0467 -0.2011

LDL-cholesterol 0.0451 -0.1255 0.2378 -0.1094 -0.1224 0.0000

Triglyceride -0.0694 0.0587 -0.1831 0.3665" 0.4003™ 0.0157

Whole blood GSH 0.0656 -0.0658 0.1871 0.0041 0.1333 -0.0792
GPx 0.0746 0.0038 0.1060 -0.1160 0.0610 -0.1682

Urinary MDA 0.0203 -0.0418 0.0870 -0.1770 -0.0755 -0.1950

Variables data are presented as Pearson’s correlation coefficient,
* P<0.05; * P<0.01; ™ P<0,001,

between biochemical indices and nutrient intake in the hyperten-
sion group, but in the normotension group, serum triglyceride
was significantly and positively correlated with total calcium
intake and animal calcium intake.

Discussion

The present study examined the calcium intake status and the
relation between dietary calcium intake and blood pressure, blood
lipid profiles, and blood/urine oxidative stress indices in Korean
adults with or without hypertension. The major finding was that
the calcium intake of both groups was low and was mainly
derived from plant foods. Also, the plant food-derived calcium
intake was significantly and negatively correlated with DBP in
the hypertension group but not in the normotension group.

Dietary calcium intake of the hypertension group tended to
be lower than that of the normotension group, and the calcium
intake level of both groups is considered quite insufficient. There
are two possible reasons for the low calcium intake of the
subjects. First, the overall food intake was low, which means
a low daily energy intake. The amount of energy intake in both
the hypertension and normotension groups was just 1,493.7 kcal
and 1,602.0 kcal, respectively. Additionally, calcium intake
relative to energy intake of 1,000 kcal within both hypertension
and normotension groups was still below the recommended
intake [25]. The second possible reason for low calcium intake
in study subjects was the low intake of main food sources for
calcium, particularly milk and dairy products. According to the
KNHANES [17], even though the top ranked food source for
calcium intake in Koreans was milk, the average amount of milk
consumed by Korean adults was 74.0 g per day, which
corresponds to only one third of a small carton (~200 ml) of
milk. In the current study, the milk consumption of the study
subjects was even less, showing 40.9 g for the hypertension group
and 51.4 g for the normotension group. Considering the fact that
100 g of milk contains about 100 mg of calcium, the subjects
consumed only 50 mg of calcium from their daily milk
consumption. In addition to milk, small bony fishes such as

anchovies are an important food source for supplying calcium
in the average Korean diet, but the portion size is very small
in relative to other side-dishes typically found in the Korean diet
and therefore may not play a significant role in increasing
calcium consumption. Also, the low intake of calcium derived
from animal-based foods, such as milk and small bony fish,
compared with relatively high intake of calcium derived from
plant foods, which have low bioavailability, in both the
hypertension and normotension groups may be indicative of the
overall poor calcium status in these study subjects.

Many epidemiological studies have reported results showing
the relationship between calcium intake and blood pressure
[2,26,27]. For instance, the amount of calcium intake was
negatively correlated with high blood pressure, many hyper-
tension patients had a low calcium intake in their diet [2,27],
and the supplementation of calcium-rich foods decreased blood
pressure [26]. These findings indicate that calcium consumption
is beneficial for prevention and treatment of hypertension. In the
present study, diastolic blood pressure was significantly and
negatively correlated with plant calcium consumption in the
hypertension subjects but not in the normotension subjects. Some
possible explanations for the association of calcium intake with
reducing the risk of hypertension have been suggested by several
experimental studies [28-34]. Calcium is involved in regulating
blood pressure by controlling vascular smooth muscle cell
contractility and thus modulating peripheral vascular resistance
[28-31]. In addition, extracellular ionized calcium inhibits renin
secretion by interacting with the calcium-sensing receptor
[32-34]. Another possible explanation offered by the current
study is that calcium intake of the study subjects was more highly
dependent on the consumption of plant-based foods than
animal-based foods. So far, many studies have mainly focused
on the consumption of dairy products for investigating the
relationship between calcium and blood pressure [35], but for
the subjects whose frequent food source is plant-based, studies
may need a different approach to investigate the relationship
between the consumption of calcium derived from plant-based
food and blood pressure. Based on the reports that lowering
diastolic blood pressure by 2 mmHg is associated with 17%
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reduction in the incidence of hypertension, 6% decrease in the
risk of cardiac diseases [36], and reduced ventricular function
[37], a follow-up study is warranted as our results show a
correlation between calcium derived from plant foods and blood
pressure. In addition, the plant calcium intake of the normotension
group had no association with their blood pressure, showing a
difference from the hypertensive group. Therefore, further studies
are also needed to investigate the plant calcium’s effect on
lowering blood pressure with different blood pressure status.
Calcium consumption is also related to the lipoprotein meta-
bolism and affects the level of blood lipid profiles [38-42]. Two
main mechanisms of lowering blood lipids by calcium have been
suggested. Dietary calcium engages the formation of intestinal
soap with intestinal fatty acids. Particularly saturated fatty acids
[40,42] and calcium also increase the excretion of blood lipids
through binding with bile acids and consequently lower the
synthesis of LDL-cholesterol [41,43]. While such a beneficial
effect of calcium is reported in subjects who consumed more
than 1,000 mg of calcium, the daily calcium intake of our current
study subjects including both the hypertension and normotension
groups was very low. In this study the level of total cholesterol
and LDL-cholesterol had no significant association with the
calcium intake of the hypertension and normotension groups.
Lorenzen et al. [43] reported that calcium intake from dairy
products lowers the triglyceride contents in chylomicron and
leads to an increase in chylomicron clearance and a decrease
in fat absorption. On the other hand, a study of van Meijl ef
al. [42] argued that the increase in chylomicron clearance was
not only from the calcium consumption and that the effect of
calcium consumption should be differentiated from the consump-
tion of dairy products. Yu et al. [44] reported that when the
average daily calcium intake was above 422 mg, the consumption
of dairy products and animal food-based calcium was positively
associated with serum LDL cholesterol. In the current study, total
calcium consumption and the calcium consumption derived from
animal based-foods in the normotensive group were positively
associated with blood triglycerides. One possible explanation for
the positive relationship between calcium consumption and serum
triglycerides is the tendency of the subjects to have high calcium
intake from animal-based foods. Our present study identified a
significant relationship between calcium and blood pressure and
blood lipids in the context of daily calcium intake rather than
calcium fortification or high calcium supplements. As this study
is one of few studies investigating the role of daily calcium intake
in the prevalence of hypertension and other metabolic diseases,
further research is needed in a large and diverse population.
In spite of the beneficial effects of calcium, which lowers the
blood pressure and the level of blood lipids, several studies raised
the concern about calcium over-supplementation [45-46]. Supple-
mentation of high amounts of calcium leads to the increase of
cellular calcium ions. These over-produced calcium ions generate
free radicals and inflammatory mediators, and continuously cause
cellular damage [15]. Also, daily supplementation of 900 mg of

calcium as a type of dairy product (3 servings per day) for
overweight women for 12 weeks increased the biomarkers of
lipids oxidation [16]. In the current study, since the level of
calcium intake was very low, this may lead to subtle or no
alterations in biomarkers of lipid oxidation in blood and urine
samples of the hypertension and normotension groups.

This study has several limitations: 1) the size of study subjects
in both the hypertension and normotension groups was not large
enough to have statistical power for the results of several serum
biomarkers, 2) the level of blood pressure in the hypertension
group (152.8/86.2 mmHg, diagnosed as phase I hypertension)
was relatively mild, making it difficult to find the differences
in several measurements between the hypertension and normoten-
sion groups, and 3) limited methodology was used to investigate
the calcium intake of subjects as we carried out the 24 hour
recall but not food frequency records.

In conclusion, the daily calcium intake of hypertension patients
tended to be lower than that of normotensive subjects. Also,
relative to animal-based foods, plant-based foods were high
contributors to calcium sources for both hypertension and
normotension subjects. In the hypertension subjects, the intake
of plant food-derived calcium was negatively correlated with the
DBP, while animal food-derived calcium was positively correlated
with DPB and in the healthy subjects, total calcium intake was
positively correlated with serum triglycerides. However, there
was no significant finding to show the relationship between
calcium and lipid oxidation. Overall, these data suggest the
importance of adequate calcium consumption and implicate to
reconsider plant based foods as good calcium source for
hypertension patients. Further investigation is necessary to
identify the role of calcium derived from plant foods in popula-
tions with high dependency on plant-based food.
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